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There are, of course, objections to the use of the Na/K ratio as an index of aldosterone excretion although Llaurado (1955) showed convincing evidence that it was so. While some (Fourman 1958) argue that the ratio cannot be used as it is related to the effect of two hormones, cortisol and aldosterone, and other factors may affect sodium excretion after operation, it is at least fair to use it in a comparative way where the ratios in two groups of patients having cardiac surgery are examined.
Many factors are concerned in aldosterone production and excretion, but the main ones relative to the surgical patient are acute changes in blood volume (Bartter 1956 ) and in the volume of body fluids (Muller et al. 1956 ). Maintenance of these is inherent in post-operative care. The lowered aldosterone excretion found in patients on ECC probably reflects a relative success in the maintenance of homeostasis, due to the intensive biochemical and physiological monitoring used in such patients. A further factor is the effect on the stretch receptors in the right atrium. If these are important in aldosterone production in humans, it is possible that they may be affected by direct surgical interference with the atrium in the cannulation procedures.
Adrenomedullary secretion: After operation there is an increased catecholamine excretion which returns to normal in four days. The results in the patients on ECC do not differ greatly from those after other cardiac operations, but some variability is present and further work is being done before definite conclusions can be drawn, particularly in regard to the relationship of the peak VMA excretion which appears to follow more closely the maximal adrenaline excretion rather than that of the total catechol excretion.
Conclusion
(1) There is no difference in the excretion of 17-OHCS in patients on ECC as compared with that following other types of cardiac surgery.
(2) Aldosterone excretion is lower in patients on ECC and probably reflects greater care taken during operation and the post-operative period.
(3) There is no difference in catecholamine excretion in two groups of cardiac cases, but further work is required on this.
Introduction
Many aspects of the metabolic and endocrine response to trauma have been described in detail (Moore 1959) , but in spite of numerous investigations no uniform account of thyroid change has emerged nor has the role of the thyroid in the metabolic response to surgical operation been defined. Cuthbertson (1930) observed that the consumption of oxygen and the basal metabolic rate were increased during the period of protein catabolism, in patients with fractures. The basal metabolic rate is increased by 15-60 % after burns or gastric operations. The extent and duration of the change depends upon the severity of the trauma (Cope et al. 1953) . The body temperature is often raised and heat production is increased after operations in patients who show no evidence of infection. Hyperglycaemia is found after major trauma and the rate of utilization of glucose is reduced after operations of varying severity (Johnston 1964) . These metabolic cbanges resemble the effects of excessive circulating thyroid hormone and are among the features of hyperthyroidism.
Complex interrelationships exist between the pituitary, thyroid and adrenal glands so that any change in the secretion of one may affect the others. There is evidence that adrenaline causes an increase in the level of thyrotrophic hormone from the pituitary and after various forms of stress secretion of thyrotrophic hormone is increased (Williams et al. 1949 ). Infusions of ACTH or cortisone in man reduce the thyroid capacity to take up iodine and lower the level of protein-bound iodine (Hill et al. 1950) , while adrenaline stimulates the release of iodine by the thyroid (Rawson & McArthur 1947) .
It would be surprising therefore if no alteration in thyroid function occurred as a result of the adrenal and pituitary response to injury.
Thyroid function has been investigated before and after operation by measuring the plasma protein-bound iodine level but the studies gave conflicting results. Bockus (1962) found a brisk rise in the levels of protein-bound iodine after some operations while others (Engstrom & Markardt 1955) were unable to detect any change after various types of surgery.
Animal studies suggested that the avidity of the thyroid for iodine is reduced considerably by injury (Oppenheimer et al. 1958 ).
An investigation was planned to study three aspects of thyroid function before and after a standard surgical stress in healthy euthyroid men of similar ages.
The Study Men aged 20-40 who required unilateral inguinal herniorrhaphy were studied. This operation produces a mild metabolic and adrenocortical response. Thyroxine production was studied by measuring the protein-bound iodine in the plasma and also recording the uptake of 1311 triiodothyronine by a resin sponge placed in samples of plasma in vitro (Goolden & Mallard 1958) . The capacity of the thyroid to handle iodine was studied by measuring the daily uptake of 1321 by the thyroid and the rate of excretion of iodine in the urine at the same time. Protein-bound iodine: The plasma level of proteinbound iodine rises steadily for three days after an oral dose of 1311 and then remains constant. Twenty microcuries of 1311 was given to each of 10 patients and the daily level of protein-bound iodine was measured as a percentage of the dose per litre of plasma. Six patients had an operation on the third day; the protein-bound iodine was measured six and eight hours later and then daily for a further three days.
The levels of protein-bound iodine rose quickly within six hours compared to the control subjects and the high levels were maintained for three days after operation (Fig 1) .
Resin sponge uptake of 131I triiodothyronine: The advantage of this method is that measurements of thyroid hormone levels can be made frequently on small samples of blood in vitro. Small resin sponges are placed in plasma and 1311 triiodothyronine added. The labelled hormone becomes attached to any free bonds on the thyroid-binding protein and any residual hormone enters the sponge where it can be counted. The amount of 131I triiodothyronine which enters the sponge is an index of the amount of protein-bound thyroid already in the plasma (Goolden & Mallard 1958) .
Four patients were studied and there was an immediate rise in the uptake of triiodothyronine by the sponge within a few hours of operation which persisted for about twenty-four hours before normal values were resumed (Fig 2) . Thyroid uptake of 1321: The isotope 1321 was chosen to measure the capacity of the thyroid to take up iodine because of its very short half life of 2-25 hours. Less than 1 % of any dose remains in the thyroid after twenty-four hours and accurate daily measurements of uptake are possible.
Twenty-five microcuries of 132I was given daily and the uptake counted two hours later by means of a well-collimated scintillation counter placed over the thyroid gland. The radioactivity was measured for 100 seconds before and after shielding with a lead block to measure other sources of radioactivity. The percentage uptake of the original dose was measured on each occasion. Control measurements were made daily for two days and operation took place early on the third day. There was a marked reduction immediately after operation in the thyroid uptake of iodine in all patients after an oral dose. The uptake tended to return to normal levels within the next two days (Fig 3) .
It was thought initially that this fall in uptake was due to a reduced absorption of iodine by the intestine soon after operation. The study was repeated therefore and the same dose given intravenously. A similar fall in uptake was observed in all the patients studied, so that diminished absorption was not the cause of the fall in uptake. The mean urinary excretion of 1321 was measured two hours after an oral dose of 25 pc in 4 patients and it was found to be reduced by about 85 %.
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Triiodothyronine (80 gg) 9 17-9 14-4 14-5 8-9 6-7 10 8-2 10-0 of the response to trauma was responsible. Certain anesthetic agents are known to inhibit the thyroid function. Two patients who required pelvic examination under anesthesia were studied; anesthesia was induced with thiopentone and maintained with nitrous oxide and oxygen for about 30-40 minutes.1 This anesthetic was similar to that used in the surgical patients. There was no reduction in the daily uptake of iodine in these two patients after anesthesia alone. Intravenous infusions of hormones known or suspected to be increased after injury were given to resting subjects to mimic the effects of operation and the results are shown in Table 1 . The effect of infusions of triiodothyronine, adrenaline, cortisol and ACTH on the uptake of iodine was studied.
Two patients were given 80 jig of triiodothyronine intravenously over several hours. This dose is more than the daily output of the resting normal thyroid and it had no effect on the uptake of iodine but a reduced uptake was observed twenty-four and forty-eight hours later in both men.
An intravenous infusion of adrenaline in a dose of 10 ,ug per minute for one hour had no effect on the thyroid uptake of iodine in two men.
Four patients had 100 mg of cortisol in a threehour period and this produced no immediate or delayed reduction in the uptake of iodine.
'The nature of this study was explained to the patients, who gave their consent to a prolongation of anasthesia Twenty-five international units of ACTH was given to 4 men and in spite of a fourfold increase in the plasma cortisol levels the thyroid uptake of iodine was unaffected.
Discussion
Two aspects of thyroid function have been investigated and the results show evidence of an inhibition of uptake of iodine occurring at the same time as excess thyroxine is released into the circulation.
The reduced ability of the thyroid to handle iodine after injury has been recorded in animals (Rawson & McArthur 1947) and recently Brown et al. (1964) have shown similar results in man and they suggest that the reduced uptake which follows injury is related to the simultaneous increase in plasma cortisol. It does not always follow that simultaneous changes represent cause and effect, and this study in resting subjects where cortisol levels were raised either by ACTH injection or cortisol infusion did not show any relationship between the adrenal secretions and reduced uptake of iodine by the thyroid.
The fact that triiodothyronine infusion did not reduce the uptake until the second and third day suggests that inhibition of the TSH mechanism by any sudden release of thyroid hormone is not the cause of the response and that this mechanism of control of iodine metabolism cannot be altered rapidly. Adrenaline given under the conditions of this study did not alter the uptake of iodine in spite of evidence of increased TSH and PBI levels after injection of adrenaline.
None of these investigations has indicated the cause of the reduced uptake of iodine which follows iniury. Several possibilities remain for further investigation. Blood flow is reduced in some peripheral vessels after injury and any reduction of blood flow in the thyroid vessels might account for the fall in uptake. The very rich blood supply to the thyroid and the persistence of low uptakes for several days both suggest that fiow changes could not be a factor because any alteration in blood flow would be corrected rapidly and not persist for several days.
It may be that iodine is redistributed in the body after injury; it is not excreted in the urine and must therefore remain in the extracellular spaces. Extra iodine is redistributed and less is available to enter the gland. This explanation is the most logical one at the present time.
The changes in protein-bound iodine levels and the resin sponge uptake of triiodothyronine suggest that a rapid release of preformed stored thyroid hormone occurs after trauma. The rate of utilization of some hormones by the tissues is increased after injury and if the increased output can only keep pace with the raised metabolism then the blood level remains constant. This explanation may account for the disparity in the results of protein-bound iodine studies by various workers. These changes in thyroxine production are transient and of minor degree and are not likely to cause any of the changes in metabolism associated with injury. It may be that the increased metabolism of the post-operative patient is due to raised metabolism in the wound alone and not to increased thyroid function. Further studies are required before the mechanism of these changes is defined and the teleological significance understood.
Summary
The uptake of iodine by the thyroid is reduced immediately after operation. The change in uptake is not related to the anesthetic agents or to other known endocrine activity in the postoperative period.
There is an increased production of thyroxine by the thyroid as measured by changes in the protein-bound iodine and the in vitro plasma uptake of triiodothyronine by a resin sponge. This quick release of preformed hormone is not related to the metabolic disturbances induced by injury.
